Bottom friction formulations for free surface flow modeling by Machiels, Olivier et al.


























































Free surface flow modeling
( )





























Shallow Water equations :
Bottom friction representation :















































































































Author Law Validity field
Laminar Poiseuille Re < 5000
Smooth turbulent Prandtl k/h = 0
Transitional Colebrook k/h < 2240/Re
Rough turbulent Nikuradse k/h > 2240/Re
















































































































































































































































Author χ k/Rh α
Chézy 0.5 0 ∞
Christen 0.625 0.005 31.71/k0.125
Manning 0.667 0.037 26.61/k0.167
Tillman 0.7 0.1 24.26/k0.2
Forchheimer 0.7 0.1 24.26/k0.2



















































Author Validity field (k/h)
Chézy 0
Christen [0 ; 0.032]
Manning [0.007 ; 0.1]
Tillman [0.023 ; 0.29]




Colebrook [0 ; 0.1]
Barr [0 ; 0.1]
Nikuradse [0 ; 0.1]
Bathurst [0.1 ; 5.15]


























• Colebrook and Barr valid for k/h < 0.1
• Bathurst valid for k/h > 0.1
• Bathurst ≠ Colebrook or Barr for k/h = 0.1
Continuous friction formulation







































































































Ourthe River near Hamoir Semois River near Membre
Situation Modeling law k/h <0.05 0.05 < k/h <0.15 k/h > 0.15
Hamoir – Ourthe
Manning 0.9 14.3 30.6
Barr 1.5 13.1 26.1
Bathurst 11.1 4.0 9.8
Continuous  formulation 2.3 6.4 10.3
Membre - Semois
Manning - 5.9 33.9
Barr - 5.5 29.5
Bathurst - 5.3 15.9
Continuous formulation - 1.7 16.0
